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MULTIPLE VOLTAGE REGULATORS FOR 
USE WITH A SINGLE LOAD 



FIELD OF THE INVENTION 

The present invention relates to computer systems. More particularly, the present 
5 invention relates to use of multiple voltage regulators with a single load based on 
operating conditions. 

BACKGROUND OF THE INVENTION 

Prior art electrical systems such as computer systems typically include an 
electrical load such as a processor coupled to receive power from a power supply circuit 
10 under control of a voltage regulator (VR). In desktop computer systems, such a 

configuration is appropriate because operating conditions, such as power source and 
power management functions generally do not vary significantly over time. In other 
words, desktop computer systems typically run at full speed and at full power at all times. 



15 a variety of operating conditions. For example, when power is supplied from a battery 
only, the power source is limited and power management functions are active to reduce 
unnecessary power usage. When power is supplied via an AC adapter, the power source 
is not limited, but thermal dissipation capabilities are typically less than those available in 
desktop computer systems. Reduced thermal dissipation capacity limits mobile computer 

20 system performance to less than desktop computer system performance even when the 
power source is not limited. 

Prior art electrical systems are typically designed for optimal power supply 
performance under certain conditions and sub-optimal performance under other 
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Mobile computer systems, in contrast to desktop computer systems, operate under 



# » 

conditions. Alternatively, prior art electrical systems are designed for balanced 
performance under multiple operating conditions, which results in sub-optimal power 
supply performance at all times. 

What is needed is a method and apparatus for improved power supply 
performance under varying operating conditions. 
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SUMMARY OF THE INVENTION 

Use of multiple voltage regulators with a single load is described. An electrical 
load is coupled to receive power via a primary voltage regulator coupled to supply a first 
amount of power. The primary voltage regulator includes a feedback circuit for detecting 
5 power supplied to the load and for controlling additional voltage regulators. A secondary 
voltage regulator is coupled to supply a second amount of power to the load, the 
secondary voltage regulator coupled to and controlled by the feedback circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and not by way of 
limitation, in the figures of the accompanying drawings in which like reference numerals 
refer to similar elements. 

5 Figure 1 is one embodiment of a computer system. 

Figure 2 is one embodiment of a tool voltage regulator, single load system. 

Figure 3 is one embodiment of a flow diagram for providing power to a single 
load using two voltage regulators. 

Figure 4 is one embodiment of a system having a single load and three voltage 
10 regulators. 

Figure 5 is one embodiment of a flow diagram for providing power to a single 
source using three voltage regulators. 
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DETAILED DESCRIPTION 

Use of multiple voltage regulators with a single load is described. In the 
following description, for purposes of explanation, numerous specific details are set forth 
in order to provide a thorough understanding of the present invention. It will be apparent, 
5 however, to one skilled in the art that the present invention may be practiced without 
these specific details. In other instances, well-known structures and devices are shown in 
block diagram form in order to avoid obscuring the present invention. 

The present invention allows power to be supplied to an electrical load using 
multiple voltage regulators based on the operating environment of the load. In one 

10 embodiment, a primary voltage regulator that is built of relatively low capacity and 
relatively high efficiency components is used to supply power from a limited power 
source. A secondary voltage regulator built of higher capacity and possibly lower 
efficiency components is used when power is from a less limited source. In one 
embodiment, a tertiary voltage regulator is used that is built of possibly higher capacity 

15 and lower efficiency components to provide even more power. It is important to note that 
use of voltage regulators as described herein does not require that higher capacity voltage 
regulators be less efficient than lower capacity voltage regulators 

Figure 1 is one embodiment of a computer system. Computer system 100 includes 
bus 101 or other communication means for communicating information, and processor 102 

20 coupled with bus 101 for processing information. Computer system 100 further includes 
random access memory (RAM) or other dynamic storage device 104 (referred to as main 
memory), coupled to bus 101 for storing information and instructions to be executed by 
processor 102. Main memory 104 also can be used for storing temporary variables or other 
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intermediate information during execution of instructions by processor 102. Computer 
system 100 also includes read only memory (ROM) and/or other static storage device 106 
coupled to bus 101 for storing static information and instructions for processor 102. Data 
storage device 107 is coupled to bus 101 for storing information and instructions. 
5 Processor 102 can have power supplied by using voltage regulator configurations as 

described below. Use of the voltage regulator configuration described below thermal hot 
spots can be reduced as compared to single voltage regulator configurations. Also, a 
multiple voltage regulator system can avoid many of the design compromises required by 
single voltage regulator systems. 

10 Data storage device 107 such as a magnetic disk or optical disc and corresponding 

drive can be coupled to computer system 100. Computer system 100 can also be coupled 
via bus 101 to display device 121, such as a cathode ray tube (CRT) or liquid crystal 
display (LCD), for displaying information to a computer user. Alphanumeric input device 
122, including alphanumeric and other keys, is typically coupled to bus 101 for 

15 communicating information and command selections to processor 102. Another type of 
user input device is cursor control 123, such as a mouse, a trackball, or cursor direction 
keys for communicating direction information and command selections to processor 102 
and for controlling cursor movement on display 121. 

Figure 2 is one embodiment of a dual voltage regulator, single load system. In 

20 one embodiment, the two voltage regulators provide power to the load based on operating 
conditions. Operating conditions can include, for example, power source (e.g., battery, 
AC line), thermal environment (e.g., heat sinks, fans, operating temperature), circuit 
board layout (e.g., whether the voltage regulator and the load are on the same board), etc. 
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In one embodiment, primary voltage regulator 210 supplies power to load 200 at 
all times that power is being supplied. Load 200 can be, for example, a processor. Load 
200 can also include additional or different components. Secondary voltage regulator 
220 supplies power to load 200 under certain operating conditions, as described in greater 
5 detail below. In order to keep current flowing to load 200, the voltage supplied by 

secondary voltage regulator 220 is greater than the voltage provided by primary voltage 
regulator 210. 

The system of Figure 2 can be, for example, a mobile computer system. In such 
an embodiment, primary voltage regulator 210 provides power to load 200 when power is 

10 supplied to the system through a battery. Because batteries provide a limited power 

source, the components associated with primary voltage regulator 210 are high efficiency 
components. Also, because mobile computer system are small and lightweight, the 
components of, and associated with, primary voltage regulator 210 may be relatively 
small components, which generally limits the components to a relative low capacity. In 

15 one embodiment, primary voltage regulator 210 provides 8 Watts of power to load 200. 
Thus, in one embodiment primary voltage regulator 210 is a small, high efficiency 
voltage regulator. 

The basic functions of primary voltage regulator 210 can be implemented in any 
manner known in the art with functional modifications as described below. In one 
20 embodiment, primary voltage regulator 210 receives two input signals from secondary 
voltage regulator 220 and further includes feedback network 212, all of which are 
described greater detail below. 

Primary voltage regulator 210 provides output voltages to transistors 240 and 242. 
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In one embodiment, transistor 240 is a p-channel enhancement-mode insulated gate field 
effect transistor (IGFET) and transistor 242 is an n-channel enhancement-mode IGFET. 
The drain of transistor 240 and the drain of transistor 242 are commonly coupled to a first 
terminal of inductor 244. The second terminal of inductor 244 is coupled to load 200 
5 through node 248. Capacitor 246 is coupled between node 248 and ground. Of course, 
other components can also be used to provide the functionality of primary voltage 
regulator 210. 

The voltage output at node 248 is input to feedback network 212. In one 
embodiment, feedback network 212 is part of primary voltage regulator 210; however, 

10 feedback network 212 can be a separate device. In one embodiment, feedback network 
212 provides control of secondary voltage regulator 220 when secondary voltage 
regulator 220 is present. Feedback network 212 can also be used to control a tertiary 
voltage regulator (not shown in Figure 2). 

In one embodiment, primary voltage regulator 210 is physically located on the 

15 same card device as load 200 and secondary voltage regulator 220 is physically located 
on a computer system motherboard some distance away from load 200. Alternatively, 
primary voltage regulator 210 is located on a computer system motherboard near load 
200 and secondary voltage regulator 220 is located on the computer system motherboard 
farther from load 200 then primary voltage regulator 210. Of course, other placements 

20 can also be used. 

Secondary voltage regulator 220 is coupled to feedback network 212, which 
controls operation of secondary voltage regulator 220. In one embodiment, feedback 
network 212 enables and disables secondary voltage regulator 220 based on the voltage at 
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node 248 such that secondary voltage regulator 220 operates as a pulse width modulated 
circuit. In one embodiment, secondary voltage regulator 220 provides two signals to 
primary voltage regulator 210. The first, labeled 222, indicates whether secondary 
voltage regulator 220 is present. This signal can be used, for example, when secondary 
5 voltage regulator 220 may not be available at all times and indicates whether feedback 
network 212 should control a secondary voltage regulator. 

The second signal provided by secondary voltage regulator 220, labeled 224, is an 
optional signal that indicates the status of secondary voltage regulator 220. In one 
embodiment, this signal indicates whether secondary voltage regulator 220 is enabled. 

10 By providing a signal between secondary voltage regulator 220 and primary voltage 

regulator 210, feedback network 212 can determine whether secondary voltage regulator 
220 is enabled prior to the voltage at node 248 changing. 

When enabled by feedback network 212, secondary voltage regulator 220 
provides additional power when the voltage at node 248 drops below a predetermined 

15 level. Power is supplied through transistors 230 and 232, inductor 234 and capacitor 236 
in a manner similar to primary voltage regulator 210. In one embodiment, the 
components of voltage regulator 220, transistors 230 and 232, inductor 234 and capacitor 
236 are lower efficiency, higher capacity components than the components of primary 
voltage regulator 210. In one embodiment, secondary voltage regulator 220 provides 12 

20 Watts of power. 

By providing two voltage regulators having different efficiencies and different 
capacities the overall performance of the associated system can be improved. For 
example, primary voltage regulator can provide 8 Watts of power to load 200 and 



042390.P5368 



-10- 



Express Mail No. 





secondary voltage regulator can provide 12 Watts of power to load 200. Thus, when both 
primary voltage regulator 210 and secondary voltage regulator 220 are operating load 200 
can be supplied with up to 20 Watts of power. 

Such a configuration can be useful, for example, in the mobile computer system 
where primary voltage regulator 210 operates when power is supplied from battery. 
Secondary voltage regulator 220 can be used when the mobile computer system is 
connected to an external power source. Thus, when an unlimited power supply is 
provided less efficient, higher capacity components are used to provide or power to load 
200 and thereby increase performance of load 200. 

Figure 3 is one embodiment of a flow diagram for providing power to a single 
load using two voltage regulators. Initially, power is provided using a primary voltage 
regulator, 310. In one embodiment, the'primary voltage regulator determines whether a 
secondary voltage regulator is present, 320. Alternatively, other system components can 
determine whether the secondary voltage regulator is present. If the secondary voltage 
regulator is not present, power is provided using the primary voltage regulator only. 

If a secondary voltage regulator is present the voltage supplied to the load is 
monitored, 330. If the load voltage is within an acceptable range, power is provided 
using the primary voltage regulator only. If the load voltage is not within the acceptable 
range, for example, if the voltage is to low the secondary voltage regulator is enabled, 



The secondary voltage regulator provides additional power to the load when 
enabled. In one embodiment, secondary voltage regulator is enabled based on operating 
conditions including, but not limited to, presence of external power sources, operating 



340. 
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frequencies and load impedance. In one embodiment, the secondary voltage regulator is 
enabled in a pulse width modulated manner; however, other patterns can be used. 

Figure 4 is one embodiment of a system having a single load and three voltage 
regulators. Primary voltage regulator 210 of Figure 4 operates in the same manner as 
5 primary voltage regulator 210 of Figure 2. In one embodiment, secondary voltage 

regulator 220 of Figure 4 operates in the same manner as secondary voltage regulator 220 
of Figure 2 with the addition of feedback network 322 and is configured to receive 
signals from tertiary voltage regulator 450. In an alternative embodiment, tertiary voltage 
regulator 450 is controlled by feedback network 212. 

10 Feedback network 322 can be part of secondary voltage regulator 220, or 

feedback network 322 can be a separate system component. Feedback network 322 
operates to control tertiary voltage regulator 450. In one embodiment, feedback network 
322 receives a control signal from feedback network 212. 

When enabled, tertiary voltage regulator 450 provides power to load 200 through 

15 transistors 460 and 462, inductor 464 and capacitor 466. In one embodiment, tertiary 
voltage regulator 450 provides the signal via line 452 to secondary voltage regulator 220 
to indicate the presence of tertiary voltage regulator 450. In an alternative embodiment 
tertiary voltage regulator 450 provides the signal to primary voltage regulator 210. 

Tertiary voltage regulator 450 can also provide a signal via line 454 indicating the 

20 status of tertiary voltage regulator 450. In one embodiment, the status indicator provides 
feedback to secondary voltage regulator 220 indicating whether tertiary voltage regulator 
450 is enabled. In an alternative embodiment the status indicator is provided to primary 
voltage regulator 210. 
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A three voltage regulator system can be used, for example, with a mobile 
computer system and docking station. Primary voltage regulator 210 can be physically 
located near load 200, for example, on a processor daughter card. Secondary voltage 
regulator 220 can be physically located farther from load 200, for example, on the mobile 
5 computer system motherboard. Tertiary voltage regulator 450 can be located, for 
example, in a docking station. 

In a two voltage regulator system, the secondary voltage regulator can provide 
additional power to the load. However, because of thermal considerations, he mobile 
computer system having two voltage regulators and connected to an external power 
10 source may not provide desktop-equivalent performance. In a three voltage regulator 
system be tertiary voltage regulator can be connected to a thermal dissipation 
arrangement that allows the three voltage regulators to provide the load with enough 
power and thermal dissipation capacity to operate at peak performance. 

Figure 5 is one embodiment of a flow diagram for providing power to a single 
15 source using three voltage regulators. Power is initially provided using a primary voltage 
regulator, 510. In one embodiment, the primary voltage regulator determines whether a 
secondary voltage regulator is present, 520. If not, power is provided using the primary 
voltage regulator only. 

If a secondary voltage regulator is present the feedback network of the primary 
20 voltage regulator determines whether the load voltage is within an acceptable range, 530. 
If so, the secondary voltage regulator is not enabled. If the load voltage is not within the 
acceptable range, the secondary voltage regulator is enabled, 540. 

In one embodiment, the secondary voltage regulator determines whether the 
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tertiary voltage regulator is present, 550. If not, power supplied using the primary and 
secondary voltage regulators. If the tertiary voltage regulator is present the feedback 
network of either the primary voltage regulator or the secondary voltage regulator 
determines whether load voltage is within this acceptable range, 560. If so, the tertiary 

5 voltage regulator is not enabled. 

If both the primary voltage regulator and secondary voltage regulator are enabled 
and load voltage is not within acceptable range, the tertiary voltage regulator is enabled, 
570. In one embodiment, the tertiary voltage regulator is enabled by the feedback 
network of the secondary voltage regulator in a pulse width modulated manner. 

10 However, the tertiary voltage regulator can be enabled in another manner. 

In the foregoing specification, the present invention has been described with 
reference to specific embodiments thereof. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the broader spirit 
and scope of the invention. The specification and drawings are, accordingly, to be 

15 regarded in an illustrative rather than a restrictive sense. 
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